A new method is developed to solve multi-attribute group decision making (MAGDM) problem in which the attribute values, attribute weights and expert weights are all in the form of 2-tuple linguistic information. First, the operation laws for 2-tuple linguistic information are defined and the related properties of the operation laws are studied. Then, some new hybrid geometric aggregation operators with 2-tuple linguistic information are developed, involving the 2-tuple hybrid weighted geometric average (THWAG) operator, the 2-tuple hybrid linguistic weighted geometric average (T-HLWG) operator and the extended 2-tuple hybrid linguistic weighted geometric average (ET-HLWG) operator. These hybrid geometric aggregation operators generalize the existing 2-tuple linguistic geometric aggregation operators and reflect the important degrees of both the given 2-tuples and the ordered positions of the 2-tuples. In the proposed decision method, using the ET-HLWG operators the individual overall preference values of the alternatives are integrated into the collective ones of the alternatives, which are used to rank the alternatives. The method can sufficiently consider the importance degrees of different experts and thus relieve the influence of those unfair arguments on the decision results. A real example of evaluating university faculty is given to illustrate the proposed method and the comparison analysis demonstrates the universality and flexibility of the proposed method in this paper.
Introduction
Multi-attribute group decision making (MAGDM) problems with linguistic information arise from a wide range of real-world situations (Jiang et al. 1 ; Herrera and Herrera-Viedma 2 ; Parreiras et al. 3 ). In linguistic MAGDM analysis, firstly, experts provide their assessment information from the pre-established linguistic term sets. Then the linguistic information provided by experts is aggregated to form a collective opinion on the alternatives and the most desirable alternative(s) can be selected according to the derived collective opinion (Herrera et al. 4 ; Jiang et al. 1 ; Xu 5, 6 ; Wei 7, 8 ; Merigo et al. 9 ).
Herrera et al. proposed 2-tuple linguistic representation model, which composed by a linguistic term and a real number (Herrera and Martínez [10] [11] [12] ). The 2-tuple linguistic model has exact characteristic in linguistic information processing. It avoided information distortion and losing which occur formerly in the linguistic information processing. In recent years, 2-tuple linguistic model has been widely used in decision making problems (Jiang et developed a fuzzy linguistic methodology to deal with unbalanced linguistic term sets. Most of the proposals for solving MAGDM problems with 2-tuple linguistic information found in literature did not consider the importance degrees of different experts. However, the experts have their different cultural, educational backgrounds, experience and knowledge, and expertise related with the problem domain. Generally speaking, different experts act as different roles in the decision process. Some experts may assign unduly high or unduly low uncertain preference values to their preferred or repugnant objects. In order to relieve the influence of these unfair arguments on the decision results and reflect the importance degrees of all the experts, it is necessary to pay attention to the different importance degrees of different experts in the real-life MAGDM problems. Therefore, this paper develops some new hybrid geometric aggregation operators with 2-tuple linguistic information and proposes a new method for MAGDM problems with 2-tuple linguistic assessments. The motivation of this paper is based on the following facts:
(i) The existing aggregation operators with 2-tuple linguistic information are mainly focused on the weighted arithmetic (geometric) average and the ordered weighted arithmetic (geometric) average operators. There has no investigation about the hybrid aggregation operators with 2-tuple linguistic information.
(ii) The hybrid aggregation operators can reflect the important degrees of both the given 2-tuples and the ordered positions of the 2-tuples. They are usually used to integrate the individual overall preference values of alternatives into the collective ones of alternatives. To do so, each individual overall preference value should first be weighted by using the corresponding expert weight, which can sufficiently reflect the importance degrees of different experts.
(iii) Wei 8 only considered that the weight information of attributes and experts is in the form of the linguistic variables. The MAGDM method of Wei 8 can not deal with the case that the weight information of attributes and experts takes the form of the 2-tuples. However, this case may appear in some real-life decision problems (see Section 5) . These new hybrid geometric aggregation operators with 2-tuple linguistic information proposed in this paper can effectively overcome this drawback.
(iv) The proposed method in this paper is more reasonable and flexible than the existing ones and can be applicable to real-life decision problems in many areas such as risk investment, performance evaluation of military system, engineering management, supply chain, and so on.
The rest of the paper is arranged as follows. Section 2 introduces the notions for 2-tuple linguistic information, gives the operation laws and analyzes the properties of the operation laws. Section 3 presents the existing 2-tuple linguistic geometric aggregation operators and proposes some new hybrid geometric aggregation operators with 2-tuple linguistic information. Section 4 constructs the MAGDM model with 2-tuple linguistic assessments and proposes the corresponding decision method. A real application to evaluating university faculty for tenure and promotion example is given in Section 5. The comparison analysis with other method is conducted in Section 6. Concluding remark is made in Section 7.
2-tuple linguistic information
In this section, some related notions for 2-tuple linguistic information are listed, then the operation laws and properties for 2-tuple linguistic information are investigated : [ 0.5, 0.5 ; Herrera et al. 
Operation laws and properties for 2-tuple linguistic information
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It should be noted that if the 2-tuple linguistic information comes from different linguistic term sets (i.e. multi-granularity linguistic information), they have to be converted into the fuzzy sets defined in the basic linguistic term set by means of a transformation function (Herrera, et al. 32 ), then they can be operated using the above operation laws. If Obviously, Definition 4 can assure that the operation results regarding 2-tuples and linguistic terms must be in [0, 1] t  , which is accordance with the CWW scheme (Rodríguez and Martínez 31 ). As far as we know, however, there is less investigation on the operation laws of 2-tuples. Definition 4 gives the operation laws of 2-tuples, which can be used to directly compute for 2-tuple linguistic information. Definition 4 is an interesting and valuable work for 2-tuples although there maybe lose little information under some situations. How to define more reasonable operation laws of 2-tuples will be further researched in the future.
In the following, suppose that a given linguistic term set is
give some examples to illustrate the above Definition 4. Example 1.
. From Definition 4, the following properties are proven:
Some geometric aggregation operators with 2-tuple linguistic information
In this section, we first present the existing 2-tuple linguistic geometric aggregation operators, and then propose some new hybrid geometric aggregation operators with 2-tuple linguistic information.
The existing 2-tuple linguistic geometric aggregation operators
Based on Definitions 2 and 3, the existing 2-tuple linguistic geometric aggregation operators are presented in this subsection. For convenience, let T be the set composed of all 2-tuples. a a a     (Torra and Narukawa 33 ). Theorem 1. In Definition 5, the argument of delta in Eq.
Since the weighted vector
yields by Lemma 1 that x r a r a r a   be a set of 2-tuples. The 2-tuple ordered weighted geometric (TOWG) average operator of dimension n is a mapping TOWG :
where
is the weighted vector correlating with TOWG, satisfying that 0 1 
is the linguistic weighted vector correlating with ET OWG  , ( 1,2, , ) i n   ). Then, the function THWG is called the 2-tuple hybrid weighted geometric average operator of dimension n . Theorem 2. In Definition 9, the argument of delta in Eq. 
Proof. According to (iv) of Definition 4, we have ( , ) ( , )
. This completes the proof of Theorem 3. Theorem 4. The TWG operator is a special case of the THWG operator. Proof. Let From Theorems 3 and 4, we know that, the THWG operator first weights the given arguments, and then reorders the weighted arguments in descending order and weights these ordered arguments, and finally aggregates all the weighted arguments into a collective one. The THWG operator generalizes both the TWG and TOWG operators. The THWG operator reflects the important degrees of both the given 2-tuples and the ordered positions of the 2-tuples. 
T-HLWG (( , ), ( , ), , ( , ))
n n r a r a r a 
where 
is the linguistic weighted vector correlating with ET-HLWG. 
Proof. According to (iii) of Definition 4, we get that
According to (v) of Definition 4,
( , ) ( , )
Hence, in Definition 11,
Moreover, since the power index 
Therefore, the argument of delta in Eq. (10) is also defined in [0, 1] t  . Example 8. Assume that ET-HLWG (( , ), ( , ), ( , ), ( , )) r a r a r a r a
MAGDM model and method with 2-tuple Linguistic assessments
In the following, we apply the 2-tuple hybrid geometric aggregation operators to solve the MAGDM problems with 2-tuple linguistic assessments.
MAGDM model description with 2-tuple linguistic assessments
This subsection describes the MAGDM problem with 2-tuple linguistic assessments. Let 
is the 2-tuple linguistic weight vector of experts.
Step 3. Rank all the alternatives and select the best one(s) in accordance with ( , )
If any alternative has the highest i z value, then it is the best alternative.
A real application to evaluating university faculty for tenure and promotion
In this subsection, a real case study of evaluating university faculty for tenure and promotion is examined to illustrate the proposed method in this paper. D has engaged in university evaluation for many years and accumulated rich experience, the university committee names the expert 3 D as the group leader which is responsible for the whole evaluating work. Generally, many attributes should be used to evaluate these faculties. To improve the efficiency and rapidly make decision, three attributes are chosen by the four experts after preliminary screening. These attributes are teaching 1 a , research 2 a and service 3 a , respectively. These attributes are all qualitative attributes, it is reasonable for the experts to use linguistic variables or 2-tuples to represent the evaluation information of the faculties with respective to the attributes. Consequently, the five faculty candidates are to be evaluated using the 2-tuple linguistic information according to the linguistic term set: A A  by the latter. The worst alternative is 2 A by both methods, but the best alternative by the former is 4 A , while the best alternative by the latter is 3 A . Compared with the former, the main advantages of the latter mainly lie in the following:
(i) The latter sufficiently takes the importance degrees of different experts into consideration. Before utilizing the ET-HLWG operator, the individual overall preference values of alternatives should be firstly weighted by the expert weights and then the collective overall preference values of alternatives can be obtained. However, the former is based on the ET-WG and ET-OWG operators, which doesn't consider the importance degrees of different experts at all.
In fact, different experts act as different roles in the decision process (such as the expert 1 D in Section 5). Some experts may assign unduly high or unduly low uncertain preference values to their preferred or repugnant objects. To relieve the influence of these unfair arguments on the decision results and reflect the importance degrees of all the experts, the latter first weights each individual overall preference value by using the corresponding expert weight, and then utilizes the ET-HLWG operator to aggregate all the individual weighted overall preference values of each alternative into the collective ones of alternatives. Therefore, the ET-HLWG or T-HLWG operator can make the decision results more reasonable through assigning low weights to those "false" or "biased" arguments. These advantages can not be reflected in the former.
(ii) The former is only suitable for the case where the weight information of attributes is in the form of the linguistic variables, whereas the latter can deal with the three cases: the linguistic variables, the 2-tuples and numerical values for the weight information of attributes and experts.
If the weight information of experts is given by linguistic variables or 2-tuples, the ET-HLWG operator can be used to integrate the individual overall preference values of alternatives into the collective ones; If the weight information of experts is given by the numerical values, we can use the T-HLWG operator to replace the ET-HLWG operator to derive the collective overall preference values of alternatives, which demonstrates that the latter is of universality and flexibility.
Conclusions
The traditional aggregation operators are generally suitable for aggregating the information taking the form of numerical values, and yet they will fail in dealing with linguistic information. A new decision method is proposed for the MAGDM problem with 2-tuple linguistic assessments. Firstly, the operation laws for 2-tuple linguistic information are defined. After reviewing the existing 2-tuple linguistic geometric aggregation operators, some new hybrid geometric aggregation operators with 2-tuple linguistic information are developed including THWG, T-HLWG and ET-HLWG operators. The THWG operator generalizes both the TWG and TOWG operators. The ET-OWG operator is a special case of the T-HLWG operator.
The decision method proposed in this paper is based on hybrid geometric aggregation operators which can sufficiently consider the importance degrees of different experts and thus relieve the influence of those unfair arguments on the decision results. The proposed hybrid geometric aggregation operators with 2-tuple linguistic information enlarge the research content on 2-tuple linguistic information and enrich the ideas for solving the MAGDM problems with linguistic information.
However, how to reasonably determine the linguistic (or 2-tuple linguistic) weighted vector correlating with these hybrid geometric aggregation operators is a critical problem, which will be investigated in the near future.
